INTRODUCTION
Dactylis is a small Eurasian genus of outbreeding perennials with a considerable number of morphologically and geographically distinct diploid (2n = 14) subspecies (Stebbins and Zohary, 1959; Parker and Borrill, 1968 . Since the diploids and their hybrids are meiotically stable (Jones, 1962) , the genetic basis of their variation is amenable to analysis, this has been carried out using the techniques developed by Jinks (1954) , Hayman (1 954a, b) and Dickinson and Jinks (1956) for diallel analysis.
Previous diallel studies in the Gramineae have been mainly concerned with fertility and seedling characters (Beddows, Breese and Cocks, 1962; Sun and Rees, 1963; Hayward and Breese, 1966) . The present and following publications seek to study the mode of genetic differentiation occurring between populations of reproductively isolated but reasonably interfertile subspecies for a range of morphological and physiological characters in both seedling and adult stages.
MATERIALS AND METHODS
All populations used are morphologically representative samples of the geographically isolated subspecies considered. All seed samples were collected from native habitats (table 1), in each case the sample is based on several genotypes, although the exact number is unknown. The seed of each subspecies population was sown, and from the resultant plants, a sample of the required number was taken at random for crossing.
Self fertility of diploid Dactylis was studied by Borrill (1961) , who showed that selfed plants were usually sterile. Where seedlings were produced, they were conspicuously reduced in vigour, and rarely reached maturity. In the light of these facts, also taking into account that the plants being crossed were very different from each other, and selfs easily identified, no further extensive tests were carried out.
To provide a parental population to compare with the hybrids, single panicles from each of twelve genotypes within a subspecies were enclosed in a glassine bag to interpollinate. Crossing between subspecies was based on random selection of plants from the different subspecies and pair crossing them, using the approach method of Jenkin (1924 Jenkin ( , 1931 . Five pair crosses were completed between each of the subspecies, and the seed bulked after threshing, keeping cross and reciprocal separate.
Seed from the 72 inter-subspecies bulked crosses, and from the nine intra-subspecies bulked crosses, were sown in boxes in the glasshouse in autumn 1963, using a randomised block layout with three replications. (vii) Number of tillers at leaf six maturity (a leaf was judged mature when the leaf above was over half its length).
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RESULTS (i) Heavy seed set
As all hybridisation data were recorded as a single unreplicated mean figure, the usual analysis of variance is rather limited in application, all fertility data fall into the category of random sampling. Data for initial cross and F1 are presented in table 2.
The analysis of variance devised by Hayman (1 954a) was used (table 3) ; within this scheme there are two possible models to consider, one for maternal effects and one for reciprocal effects. With unreplicated data there is no (Hayman, 1954b (Hayman, , 1958 , the theoretical regression of + 05 is considerably less affected by genetic disturbances than the Wr/ Vr graph, and virtually unaffected by the level of inbreeding. It may be used in the same way to detect the order of dominance in the parents. The W'r/ Wr graph differs from the Wr/ Vr however in that it is affected by asymmetry of gene distribution, and indicates this whether the genes are correlated or not (Hayman, 1958) . When there is asymmetry of gene distribution, parents with common genotypes will fall above the slope of +050, parents with different or relatively rare genotypes will fall below the line of +050. The graph (ii) Heavy seed germination As seed of the northern populations required vernalisation (Borrill and Parker, in preparation) , the germination data from the replicated experiment could not be used as a valid estimate of the genetic variation present; instead analysis was confined to a single vernalised replicate of 50 seeds of all parents and hybrids (table 4).
Hayman's analysis (table 5) The W'r/ Wr graph ( fig. 3) shows the points at the lower end of the graph falling along the theoretical line of + 050, the points at the upper (recessive) end of the graph, notably those representing subspecies samples of lusitanica (3) and castellata (9), are strongly displaced downwards and to the right, suggesting that the high fertility of these two isolated populations has come about by accumulation and selection of genes not present in the other population samples tested. This will be discussed further below. The Wr/ Vr graph ( fig. 4) shows a non-significant regression, the parental points being widely scattered. The effect could be caused by non-allelic interaction and/or heterozygosity of the gene system, plus disturbances caused by consistent reciprocal differences.
The W'r/ Wr graph ( fig. 4) is also disturbed by interaction effects and there is no significant regression. The points representing the population of ashersoniana (4) and himalayensis (6) are both displaced well below the theoretical line of + 05. These are the most northerly subspecies, suggesting that there has been differential selection for genes reducing winter growth in these populations, this asymmetry being revealed by hybridisation.
(v) Stem internode elongation
In the vegetative phase Dactylis normally resembles the usual type of tussock grass, elongation of the stem internodes occurring only after infiorescence initiation at the shoot apex. In subspecies smithii (1), however, vegetative internode elongation is the usual condition, a long period of indeterminate growth resulting in a trailing habit. The subspecies is unique in the genus for expression of the character, which is also present to a small extent in the main shoot of seedlings of subspecies santai (8). The data are presented in table 10, all those with no elongation were given a figure of one for computational purposes.
Each main effect in the Haymans analysis has been tested against the individual block interactions, the error variances being heterogeneous (X25 = 86.5; P = 0.001) (table 11). There is significant additive genetic variation between the populations (a), together with significant dominance variation (b). All the components of dominance are significant, of these (b1) is the largest, indicating directional dominance. Both items (c) and (d) are significant, however they are small compared to the other components of the analysis. (Hill, 1964; Mather, 1967) . The correlation of the parental value with (Wr + Vr) is significant and positive (r = 0.909***), indicating dominance for short internodes.
The W'r/ Wr graph ( fig. 5) shows the points of subspecies smithii (1) and santai (8) falling below the theoretical line. The regression (0.416 0•007; P = 0.001) deviates significantly from +05 (t(7) = 0.01).
(vi) Leaf six area
The area of the sixth seedling leaf (table 12) was computed from length by median width, using a correction factor (Kemp, 1964 There is good evidence of additive genetic variation between the populations (item a), together with some dominance (item b), and the presence of consistent reciprocal effects (item c). All the components of dominance are significant, (b1) being the largest, indicating the presence of heterosis and directional dominance, with some dominance variation due to gene asymmetry (b2) and specific gene interaction (b3). Wearden's (1964) test shows the (c) item to be significantly greater than (d) indicating the presence of real consistent reciprocal differences.
Genetic analysis by the Wrf Vr method ( fig. 6 ) gives a significant regression (b = 0580 0060; P = 0.001) which is significantly different from the theoretical value of rO9 (1(7) 7.oo***). The regression also cuts the Wr axis positively, the position of the lower points suggesting that these populations have a higher number of additive genes, or a more heterozygous gene complement for this character. There is a strong positive correlation of parental leaf area values and Wr+ Vr (r = 0.8l3**) indicating that dominance is in the direction of low leaf area. The W'r/ Wr graph ( fig. 6) also has a significant regression (b = 066l 0l0l; P = 0.001), the distribution of parental array points is virtually identical to that found on the Wr/ Vr graph.
(vii) Tiller number
The number of tillers present at leaf six emergence varies considerably between parental populations (table 14) . The results of Hayman's analysis of variance (table 15) shows the error variances to be heterogeneous (X2s = 11.8; P = 0'05-0•02) therefore each main effect is tested against its own block interaction.
There is good evidence of additive genetic variation between the populations (item a), and some dominance effects (b). Only (b2) indicating the presence of gene asymmetry, and (b3) indicating some form of dominance interaction are significant. However, none of the dominance components are much larger than the significant (d) item, which together with the significant (c) item indicate the presence of inconsistent and consistent reciprocal effects. These facts and the large size of item (a), suggest that the genetic variation is largely additive in effect, this is confirmed by Wearden's (1964) The W'r/Wr graph ( fig. 7) shows a regression (b = 052l 0004; P = 0.001) not significantly different from +05 and quite free from any disturbance.
DISCUSSION
The fertility data present a considerably disturbed pattern of genetic variation, this is particularly so in germination. A similar though not so extreme pattern of inheritance is expressed in seed set, where the disposition of the population points on the Wr/ Vr graph show considerable spurious overdominance. Only the complex character "fertility index" gives a relatively undisturbed Wr/ Vr graph showing some overdominance, and directional dominance for low seedling production, obviously there is considerable disturbance of the relational balance of the fertility gene systems from the different subspecies populations. Presumably selection within these populations is directional towards high viability, although this does not appear to be maximal in more than two populations, those of lusitanica (3) and castellata (9) both of which are found in considerably disturbed habitats, here the selective advantage would tend to rise with increased viability. The W'r/Wr graphs for germination and "fertility index" suggest that there is asymmetry of gene distribution involving these two populations.
The only comparable analysis of germination data, in perennial populations of Lolium (Hayward and Breese, 1966) , show no consistent reciprocal effects and considerable dominance directional for high germination capacity. This presumably represents the difference between populations selected for asexual reproduction, and those subjected to selection for maximum seed production in strikingly different habitats.
Growth rate is considerably higher in the hybrids than in the parental subspecies samples, heterosis occurring frequently. Considering the fact that all the populations are outbreeding and reproduced by seed, this heterosis suggests that there may be a high proportion of sib-mating occurring, and despite some form of balancing selection in favour of heterozygotes, a consequent reduction of vigour below the maximum possible. This is made more likely by the fact that plants often occur in small, spatially isolated groups.
In their study of Secale species, Sun and Rees (1963) produced data for reduced growth rate of many hybrids in comparison with the parents. As some of the Secale species were inbreeders, and others outbreeders, this must be a functional difference in the level of genetic balance and differentiation between the two series, also differences in life cycle, and perhaps U Fia. Internode elongation, in showing a geographically orientated directional dominance of normal stem type, the most northerly populations expressing the highest number of dominant genes, indicates the strong selective disadvantage of this specialised character in any but the habitat in which it evolved. One interesting point is the low level of dominance mentioned earlier, although heterozygosity causes a reduction in the apparent level of dominance, and increases the suggestion of asymmetrical gene distribution, in this case the known distribution of the character implies that this apparently low dominance level is caused either by a system of associated genes or by duplicate gene interaction.
The dominance of low seedling leaf area is also closely related to climatic conditions experienced by the parental populations. Cooper (1964) has shown that seedling leaf expansion in both Lolium and Dactylis is highly correlated with the mean temperature of the coldest month. It is of interest that although a dominant gene system suppressing winter growth has evolved in these populations of the northern woodland subspecies, dominance is far from being complete, even though the character is of paramount survival value. Leaf area being correlated with leaf length (r 0.864* * comparison with the results of Hayward and Breese (1966) is possible. In north temperate pasture ecotypes of Lolium perenne there is dominance for short leaf length; however considerable genetic variation for the character exists between these already short leaved ecotypes, it is doubtful if any of them are homozygous for these differences. This also appears to apply to the north temperate woodland forms of Dactylis.
Tiller number also shows a low level of dominance, which is ambidirectional, suggesting stabilising selection within each parental population (Breese and Mather, 1960) . The results of the present study in subspecies reproducing by seed point to persistent and often large, consistent and inconsistent genetic effects in the seed and seedling characters measured; in only one case (leaf area), is there no gene/cytoplasm interaction. The considerable spurious overdominance expressed by the components of fertility, and viability (growth rate) works in opposite ways, the fertility genes balanced for (presumably) maximum production in the parental environment show hybrid disadvantage, the gene systems for vigour show hybrid advantage. This could be an unexpected consequence of the fertility " seive" through which these zygotes have passed, those surviving being formed by physiologically compatible gametes having complementary gene systems for vigour.
Additive effects are most important in the remaining characters, there being directional dominance for the two selectively important characters leaf area and internode length, and ambidirectional dominance for tiller number. These and following analyses should be a help towards gaining a better understanding of the nature of the subspecific differences in Dactylis.
5. SUMMARY 1. The genetic bases of differentiation in seed and seedling characters in one population of each of nine subspecies of diploid Dactylis, have been examined by means of the diallel cross analysis.
